It is often useful to know the radiation impedance of an unfianged but thick-walled circular duct exhausting a hot gas into relatively cold surroundings. The reactive component is shown to be insensitive to temperature, but the resistive component is shown to be temperature dependent. A temperature correlation is developed permitting prediction of the radiation resistance from a knowledge of the temperature difference between the ambient air and the gas flowing from the duct, and a physical basis for this correlation is presented. 
The acoustic environment of the apparatus used in Ref.
1 is not described, nor are many details given concerning the manner in which the data were obtained. It is simply stated that the acoustic pressure probe, a small diameter stainless steel tube, could be positioned accurately in the duct. The possibility of thermal effects on the functioning of this probe , is not discussed. If the probe was in a state of thermal equilibrium each time an acoustic pressure measurement was made, its temperature, and thus its sensitivity, would have been different depending on its depth of penetration into the hot duct. Of course, if the probe was not in a state of thermal equilibrium during the measurements, its sensitivity would have varied during the measurements and the values then would have depended on when they were obtained.
Fricker and Roberts' results are presented as graphs of the real and imaginary parts of the specific radiation impedance as a function of the product of the wavenumber and the inside radius of the duct. The wavenumber is defined with respect to the speed of sound based on the gas temperature at the duct exit. These results, which we obtained from Ref. creases with the gas temperature at the duct exit. There is no apparent temperature trend in the imaginary part of the radiation impedance [ Fig. l(b Fig. 2(a) and (b) . They show much less scatter than those of Fricker and Roberts, perhaps because of the care taken to maintain the acoustic pressure probe at a constant temperature. The theoretical results of Ando also appear in these figures. These measured impedances are in qualitative agreement with those of Fricker and Roberts in that the real part increases with temperature, while there is no apparent temperature trend in the imaginary part.
II. PRESENT STUDY
Our interest in this problem stems from a study of the acoustic source mechanisms in a long turbulent combustion chamber 4. The radiation impedance of this combustion chamber was needed in order to recover its thermal-acoustic efficiency spectrum from the sound pressure spectrum in its farfield. The temperature range of interest for the study cited was limited to about 250 øC.
A. Experimental apparatus and procedure
The experimental apparatus used in the present study is shown in Fig. 3 . It consists of a vertical Pyrex tube 1.0 m long and having inside and outside diameters of 74.6 and 79.8 mm, respectively (a•/a2 = 0.93). The lower end of the tube is connected to a small settling chamber and the upper end opens into the laboratory. A speaker located in the settling chamber and driven by an oscillator produces a standing wave in the tube at specified frequencies. Near the lower end of the tube is a small natural gas burner which can be displaced along the axis of the tube. Air enters the tube from the settling chamber and mixes with the natural gas, the mixture is burned, and the products of combustion exit from the open As might be expected, the influence of this plate on the radiation impedance is clearly visible at low frequencies. As explained in Sec. I, great care must be taken to assure that the temperature of the probe is constant during the measurements, and that the temperature is the same for each measurement. We accomplish this by plunging the probe rapidly into the tube and obtaining the pressure measurement before the temperature of the probe can change. After each measurement the probe is retracted and allowed to attain its original temperature before the next measurement. By indexing the final position of the probe along the axis of the tube for a series of such rapid insertions, an accurate standing wave pattern can be traced out for each frequency and heating condition of interest.
In addition to the local acoustic pressure on the axis of the tube, the temperature of the gas at the exit of the tube and in the laboratory, as well as the air and natural gas flows, are with those of Fricker and Roberts and of Cummings in that the real part increases with the temperature of the gas at the tube exit for a given dimensionless wavenumber, while the imaginary part is insensitive to this temperature.
B. Interpretation of the results
According to Ando's 3 theoretical treatment of the radiation of sound from a semi-infinite, thick-walled circular duct into an anechoic space, the radiation impedance depends only on the Strouhal number 2•rfa,/c for a given wall thickness. Of course, all real experiments involve finitelength ducts opening into spaces which, at least over a part of the frequency range, are not perfectly anechoic. The applicability of Ando's analysis is further limited in the present study by the presence of significant differences between the temperature of the gas flowing from the tube and that of the surrounding air. Thus it is a bit unrealistic to expect the tances for the present experiment, correspond to low frequencies, ka• < 0.45, for which the radiation resistance is clearly altered by the presence of the plate provided to protect the microphone from the hot gas issuing from the tube. 
III. DISCUSSION
The behavior of the ensemble of data used in this study, represented by Eq. (4), may be generalized as follows: the shape of the specific radiation resistance versus dimensionless wavenumber curve, characterized by the slope coefficient B, is insensitive to the temperature difference between the gas flowing from the duet and the surrounding air, but the level of this curve, characterized by the intercept coefficient ,4, increases with this •temperature difference. What is the physical interpretation of this result, and how may it be explained?
The acoustic field is mostly oscillatory near the open end of the duct. Thus the acoustic energy associated with the nearfield is mostly that stored in the reactive component of the radiation impedance. As Cummings 2 has suggested, this probably explains why the radiation reaetanee is not sensitive to temperature: it is mostly determined by the oscillation of a mass of fluid in the vicinity of the open end whose temperature is near that of the gas in the duct. It is in the acoustic farfield that this oseillatory motion produces waves which propagate away from the end of the duet, and thus it is there that the radiation resistance is mostly determined..
The preceding remarks suggest that the radiation resistance might be expected to be more sensitive to the surrounding air temperature than to the gas temperature at the duct exit. Indeed, Fricker and Roberts • also presented their 'measured impedances as a function of a dimensionless wavenumber based on an arbitrary fixed temperature of 0 øC. They found that this frequency parameter seemed to collapse their resistance results. It is probably significant that 0 øC corresponds to a speed of sound in air that is only 4% below the value corresponding to 20 øC, which was the surrounding air temperature for their experiment. This implies, as they conclude, that presentation of resistance data as a function of a dimensionless wavenumber based on the gas temperature at the duct exit introduces an artificial temperature dependence by shifting the data along the/ca• axis by a factor of•/Ta/Te. If, as the present correlation indicates, the shape of the curve does not change, this shift would be equivalent to an increase in the radiation resistance at a given value of the dimensionless wavenumber. The parameter R defined by Exl. {7} is tabulated in Table  I for the range of conditions of the data used in developing the correlation represented by Eq. {4}. The rather wide range ofvalues of R in this table demonstrates clearly that Eq. {5} is not generally valid, and thus that the temperature'effect on the radiation resistance is not entirely due to the manner in which the results are presented. However, it is easy to see why Fricker and Roberts conclude that Exl. {5) is valid; the values of R for the range of temperatures of their study are reasonably close to --1.0, especially in the midrange of their duct exit temperatures.
The physical explanation of the success of Eq. {4} in correlating the temperature dependent radiation resistances is elusive. It is clear, however, based on the partial success of Eq. (5), which is independent of the duct exit temperature, 7O 
